1. Rats suffering from protein-energy malnutrition were found to have low serum iron, low PCV, and low hemoglobin concentrations.
Iron supplementation during the treatment of children with protein-energy malnutrition may predispose to bacterial infection, the severity of which depends on the dose of iron given.
Although all are agreed that iron-deficiency anemia is a common problem in malnourished children, there is no agreement regarding the addition of iron to the diet during the treatment of these children. Segura et al. (12) suggested that malnourished infants should be given supplements of iron to combat iron-deficiency anemia.
O n the other hand, McFarlane et al. (7) reported that some children with severe kwashiorkor developed overwhelming infections during treatment. This study is concerned with the effects of iron therapy during the refeeding of experimentally malnourished rats. A high protein diet and a low protein diet (average grade baker's flour) were used. The low protein diet was fortified with vitamins by adding 1 0 g of a mixture of soluble vitamins (vitamin D fortification mixture in dextrose) to every 500 g baker's flour. The compositions of the two diets are shown in Tables 1 and 2 .
I IRON PREPARATION AND DOSAGE
Iron tablets were used. These were ground into powder. Ganote and Nahara (2) reported that large doses of ferrous sulfate were toxic in rats. Since the optimal iron requirements of rats are not known, it was decided to employ the following different dose schedules: 65, 130, 195 and 200 mg/kg body wt/ day. Each rat was weighed and the calculated daily dose of iron powder required was added to its diet.
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OTHER MATERIALS Antisera to rat transferrin and C3 were obtained from Cappel Laboratories, Inc., USA, while anti-rat albumin and IgG were obtained from Miles Laboratories. Iron determination kits were obtained from Boehringer Corporation Ltd.
METHODS
Malnutrition was established in Sprague-Dawley rats by feeding them ad libitum for 42 days on average grade baker's flour which had been fortified with multivitamins.
The rats were placed in individual stainless steel cages and were allowed free access to distilled water. At the end of this period, the animals had developed some loss of hair and their mean body weight was 80.5 +-20.3 g compared with 320 +-60.5 g for those fed on a high protein mouse cube diet. Ten of these malnourished animals and 1 0 well fed controls had their eyes swabbed for bacteriologic investigations and were then killed. Blood was collected for H b , PCV, and for serum albumin, transferrin, C3, and iron estimations. The remaining malnourished rats were divided into five groups, each consisting of 1 0 animals, and were refed with the high protein mouse cube diet as follows: group I, diet containing 65 mg iron/kg body wt/ day; group 11, diet containing 130 mg iron/kg body wt/day; group 111, diet containing 195 mg iron/kg body wt/day; group IV, diet containing 260 mg iron/kg body wt/day, group V, diet with no iron. Ten well fed control animals were each given the high protein diet containing 260 mg iron/kg body wt/day.
All of the animals were examined daily for evidence of infections. Thirty days after the commencement of oral iron supplement, the animals receiving 195 and 260 mg iron/kg body wt/day developed severe conjuctivitis and it was therefore decided to terminate the experiment. The animals from each group including the well fed controls were then weighed, had their eyes swabbed for bacteriologic investigations, and were killed. Blood was collected for Hb, PCV, and for serum albumin, transferrin, C3, and iron concentrations.
COLLECTION OF SPECIMENS
The animals were anesthetized with ether and exsanguinated by cannulating the abdominal aorta.
BACTERIOLOGIC INVESTIGATIONS
Individual animals were classified for severity of infection without knowledge of the iron dose or biochemical results. Eye swabs were used to inoculate blood agar plates (incubated aerobically and anaerobically), chocolate agar plates, and McConkey plates. Organisms were identified by the techniques described by Cowan and Steel (1).
SERUM PROTEIN ESTIMATIONS
The concentrations of albumin, transferrin, C3, and IgG were estimated in all the serum samples by the single radial immunodiffusion technique of Mancini et al. (5) using monospecific Known to be synthesized by the rat. I Note the low content of lysine in the flour diet. The amino acid content of meat and fish are given as these are the chief protein in the mouse cubes. The horizontal space in the table divides the essential from the nonessential amino acids.
antisera. Results were expressed as percentages of the concentrations of these proteins in a pooled serum sample obtained from adult rats, because we could not obtain a standard rat serum containing known values of the above proteins.
SERUM IRON ESTIMATIONS
The concentration of iron in each serum sample was estimated using the Boehringer iron determination kit. The method involves the colorimetric estimation of iron at wavelength 546 nm, care being taken to avoid using hemolyzed serum samples. Values were expressed in micrograms per 100 ml. Table 3 shows the clinical, hematologic, and biochemical information on the control and malnourished rats before the commencement of oral iron therapy. Table 3 shows that mean body weight, H b , PCV, and serum iron were significantly lower ( P < 0.01) in malnourished rats than in controls, suggesting that malnutrition causes anemia associated with a low serum iron. This table also shows that the serum concentrations of transferrin and C 3 were significantly lower ( P < 0.01) in malnourished than in control animals.
RESULTS

CLINICAL OBSERVATIONS AFTER IRON SUPPLEMENTATION
All the malnourished rats that were given oral iron during refeeding with a high protein diet developed various types of infection, the severity of which was directly proportional to the dose of iron given. Thus all the malnourished rats that were given 260 mg iron/kg body wtlday during refeeding developed bilateral conjuctivitis (Fig. IA) , infections of the nostrils, tails, and limbs. On the contrary, of the malnourished rats that received no oral iron supplement during refeeding, none developed any clinical evidence of infection (Fig. I B ) . The observation was also made that all the malnourished rats on iron supplement gained weight during refeeding, although the gain in weight was significantly reduced in those animals that had severe infections as a result of high iron intake. Malnourished animals that were not given any oral iron supplement during refeeding gained weight just as readily as those that were given 65 mg iron/kg body wtlday. Table 4 contains a summary of these clinical observations. HEMATOLOGIC DATA (TABLE 4) The H b and PCV rose to almost the same levels in malnourished rats that had no iron during refeeding and those that had 65 mg iron/kg body wtlday, suggesting that although this amount of iron was capable of producing infection, it did not alter significantly the hematologic status of the animal. The H b and PCV fell in those animals that had infections, suggesting that although iron was being absorbed, it was not being utilized for hemoglobin synthesis. 15 .3 ished P < 0.001 between control and malnourished groups for body weight, PCV, Hb, iron, transferrin, and C3 and P < 0.01 for serum albumin Fig. 1 . A : appearance of a rat given oral iron supplement during refeeding. Note the bilateral conjuctivitis developed by this animal. B: appearance of a rat that had no iron supplement during refeeding. Note the absence of conjuctivitis. (TABLE 4) was the infection and that the more severe the infection, the greater was the reduction in C3 levels. C3 and transferrin concentrations were significantly lower ( P SERUM IRON < 0.01) in malnourished rats that had 1 9 5 mg and 2 6 0 mg iron than in those that were not given any oral iron. It was also Table 4 shows that the serum iron levels increased a s the dose observed that the lower the serum transferrin, the more severe of iron given increased and that the severity of infection was OLUSI AND McFARLANE Eye swabs obtained from all the malnourished rats that were given oral iron during refeeding yielded some growth on culture. The number and types of organisms isolated increased with the dose of iron. Thus, more organisms were isolated from swabs obtained from rats on 195 mg than from those on 65 mg. Very few organism were isolated from the eye swabs of animals that were not given any iron. The most significant qualitative observation was that swabs from rats on iron supplement yielded a profuse growth of a Moraxella sp. (Fig. 2A) . This organism was very scanty in swabs obtained from rats that had no iron (Fig.  2B) . Table 5 gives a summary of the bacteriologic data.
CONCENTRATIONS OF SERUM PROTEINS
DISCUSSION
The results of this study showed that oral iron supplementation during refeeding of experimentally malnourished rats resulted in various types of infection, the severity of which depended on the dose of iron given. Furthermore, a high protein diet without added iron was observed to cause marked clinical, hematologic, and biochemical improvements in the malnourished animals, suggesting that an adequate supply of protein is the most important factor in the treatment of malnutrition. Although we were not able to estimate the transferrin saturation in rats, our results suggest strongly that there is a close association between high serum iron, low serum transferrin, and increased bacterial infection since malnourished rats that were given even small doses of iron during refeeding had higher serum iron levels, lower serum transferrin, and higher incidence of bacterial infections than malnourished rats that were not given any iron supplement.
Schade and Caroline (10) identified conalbumin, a constituent of egg-white, as an iron-binding protein and observed its ability to inhibit the growth of bacteria. Later ( l l ) , these authors identified siderophilin (transferrin) in human blood. Subsequently, other iron-binding proteins in other body fluids were identified. Thus, Masson and Heremans (6) identified lactoferrin in milk and later in tears, saliva, and bile. In vitro, studies have revealed that all of these iron-binding proteins inhibit the growth of bacteria because of their high binding association constant for iron such that there is no iron available for irondependent microorganisms. Jackson and Burrows (4) showed that the injection of iron enhances the growth of bacteria in mice, and Rogers (9) observed that in lethal infections in guinea pigs, bacteria grew extremely rapidly in animals treated with iron. In protein-calorie malnutrition, McFarlane et al. (7) showed that the serum transferrin concentration was very closely related to prognosis and that when the transferrin concentration was less than 0.40 mg/ml the prognosis was grave. It is therefore likely that the observed increase in incidence of infection in malnourished rats that were given oral iron supplement during refeeding was due to a combination of high serum iron and low serum transferrin.
The interrelationship between complement, transferrin, and iron has not been fully investigated. Griffiths (3) suggested that in the case of highly virulent Pasteurella septica, transferrin can act together with antibody and complement to interfere with bacterial RNA synthesis, and that this action can be reversed by iron compounds. Thus, in situations of low serum transferrin, low C3, and high serum iron, bacterial replication is enhanced. It would appear that malnutrition which causes a marked decrease of both transferrin and C3 concentrations plays a synergistic role with increasing serum iron concentration in predisposing to bacterial infection.
Most of the organisms isolated from malnourished rats on iron supplement were likely to be commensals which became virulent as a result of increased rate of replication in the presence of high , . . common only in those rats that had iron, suggesting that this organism is highly iron dependent.
In conclusion, this study suggests that a high iron supplement during the treatment of children with protein-calorie malnutrition may predispose to increased bacterial infection, especially if the serum transferrin concentration is very low. CONCLUSION Protein-energy malnutrition causes iron deficiency anemia in Sprague-Dawley rats. The inclusion of iron supplement in the diet during the refeeding of these animals caused various types of infection, the severity of which was directly proportional to the dose of iron given. A high protein diet alone produced the same effects on PCV and hemoglobin values as a high protein diet containing 65 mg ironlkg body wt/day, although this latter diet caused infection in the malnourished rats. The severity of bacterial infection was found to be related to the serum concentrations of iron and transferrin.
Isolation of the organisms responsible for the infections showed the presence of Escherichia coli, Streptococcus faecalis, Staphylococcus aureus, Streptococcus haernolyticus, and a Moraxella species.
